1. Introduction {#s0005}
===============

When the total and healthy life expectancies of white, black and Hispanic U.S. adults are compared, a portrait of racial/ethnic health inequity emerges. Compared to white peers, Black men and women enjoy fewer years of life expectancy ([@bib4]) and healthy life expectancy ([@bib21]). Hispanics, conversely, live longer than U.S.-born whites despite their ethnic minority and lower socioeconomic status ([@bib25]), a well-documented "epidemiological paradox" that is more pronounced among immigrants ([@bib28]). Unfortunately, Hispanic men and women ages 50 and older also have fewer years of healthy life expectancy than U.S.-born whites ([@bib21]).

We estimate the extent to which these disparities in total and healthy life expectancy would change under three counterfactual conditions---that study respondents were never obese, never smoked, and were never obese and never smoked. These three scenarios are unlikely to be realized anytime soon, but our simulations are important estimates of the contributions that obesity and smoking make to racial, ethnic and nativity disparities in longevity and disability.

We focus on obesity and smoking because they are the two leading causes of U.S. preventable deaths and chronic health conditions. Hispanic immigrants are less likely than whites to smoke ([@bib13], [@bib25]) and do not differ markedly from whites in their obesity risk ([@bib7]), but structural conditions lead U.S.-born black and Hispanic adults to be at greater risk of becoming obese ([@bib32]) and long-term smokers ([@bib46]) than white peers. Thus, although racism, socioeconomic disparities, and other health problems certainly contribute to disparities in the longevity and disability of white, black and Hispanic adults, we expect to find that plausible reductions in these health inequities could be yielded if obesity and smoking were eliminated.

We analyze nationally representative data from U.S.-born white, black and Hispanic adults and foreign-born Hispanic adults who participated in the 1999--2000 through 2009--2010 National Health and Nutrition Examination Survey (NHANES). An important study contribution is that we methodologically build on and improve the work of others who have assessed how changing patterns and trends in smoking and obesity are associated with current and future U.S. life expectancy (e.g., [@bib13]; [@bib25]; [@bib33]; [@bib38]; [@bib44]). Like other researchers, we use survey data linked to follow-up mortality information to estimate age-specific mortality rates across various groups with different obesity and smoking experiences. However, these estimates suffer from measurement and sampling error because, when combined, they produce life expectancy estimates that are modestly higher than National Center for Health Statistics (NCHS) estimates ([@bib5]). To correct this, we calibrate the survey-based mortality estimates so that overall age-specific mortality rates are consistent with NCHS estimates by sex and race/ethnicity, following the example of others ([@bib19], [@bib20]).

2. Background {#s0010}
=============

2.1. Obesity, smoking and total and healthy life expectancy {#s0015}
-----------------------------------------------------------

There is strong evidence that both current obesity and the length of time spent obese contract total life expectancy (e.g., [@bib29]; [@bib34]; [@bib39]) and contribute to later life disability ([@bib14]). [@bib37] also offer compelling evidence that studies finding an "obesity paradox" (i.e., lower mortality among obese persons in some disease states) largely do so because of statistical biases. Given that permanent weight loss is uncommon among all adults regardless of race/ethnicity or nativity, disparities in current and previous accounts of obesity should be consequential for disparities in total and healthy life expectancy.

The negative relationship between cigarette smoking and life expectancy is unequivocal. More frequent smoking and more years spent as a smoker both reduce life expectancy and healthy life expectancy ([@bib26], [@bib47]). Smokers who quit greatly reduce the impact that smoking has on early death and disease, and there are currently more former smokers in the U.S. than current smokers ([@bib47]) although there are racial, ethnic and nativity disparities in doctors' advisement to quit, use of smoking-cessation aids ([@bib11]), and successful smoking cessation ([@bib46]).

Given the strong evidence about the detrimental consequences of obesity and smoking, we can deduce that racial/ethnic and nativity groups with higher prevalence of smoking and obesity should benefit most from their elimination. If these gains are large enough both generally and in relation to gains made by groups with lower smoking and obesity prevalence, and disadvantaged groups also have fewer years of total and healthy life expectancy, then racial/ethnic and nativity disparities will shrink. However, if disadvantaged groups' gains are quite small generally or relative to more advantaged groups, disparities in total and healthy life expectancy may remain relatively static in our three counterfactual scenarios. Finally, if a group has a high total or healthy life expectancy despite being disadvantaged by a higher prevalence of obesity or smoking, eliminating these health behaviors could actually increase a group's advantage.

Previous projections of the increasing prevalence of obesity and declining prevalence of smoking suggest that these trends work in counteracting ways to change life expectancy. These estimates also suggest that men would benefit more than women, with men projected to gain .83 years of life and women projected to gain .09 years of life ([@bib38]). This is one reason why we discuss research expectations for women and men separately and treat them as separate groups in the analysis. In both our discussion and analysis of disparities, we use U.S.-born whites as the reference group because they are the largest group in the analysis.

2.2. Research expectations for women given known disparities in obesity and smoking {#s0020}
-----------------------------------------------------------------------------------

Estimates suggest that 39% of white women, 48% of Hispanic women, and 56% of black women are obese ([@bib18]). Among Hispanic women, immigrants are leaner than U.S.-born peers ([@bib3]). Similar disparities have been evident in early and middle adulthood since the turn of the century ([@bib15]), suggesting that these disparities have been persistent.

Given that white women have higher total and healthy life expectancies than black women, these advantages should erode when we simulate the elimination of obesity if the simulation produces substantial enough gains for black women relative to the gains made by white women. Conversely, because U.S.-born and foreign-born Hispanic women have higher life expectancies and lower healthy life expectancies than whites, their life expectancy advantage may grow and their healthy life expectancy disadvantage may shrink if obesity were eliminated. Once again, though, this expectation is predicated on the size of the gains white and Hispanic women make under simulated conditions of no obesity.

Racial, ethnic and nativity disparities in smoking are different than those observed for obesity. Smoking is most prevalent among white women (15.5%), followed closely by black women (13.5%). Only 7% of Hispanic women smoke ([@bib24]), and Hispanic immigrants have an even lower smoking prevalence ([@bib9]). It is also important to note, though, that U.S.-born black and Hispanic women are less likely to be former smokers than current smokers whereas white women are more likely to be former smokers versus current smokers ([@bib46]; [@bib6]).

Smoking makes a substantial contribution to Hispanic women's life expectancy advantage over white women, with recent estimates suggesting that 50--60% of the Hispanic immigrant advantage in life expectancy vis-à-vis non-Hispanic whites is due to smoking ([@bib13], [@bib25], [@bib30]). This means that the simulated elimination of smoking should lead this advantage to shrink if the gains made by white women outpace the gains made by Hispanic women. This may be especially evident when comparing white and Hispanic immigrant women ([@bib13], [@bib25]), given the low prevalence of both current and former smoking among the latter group. Hispanic women ages 50 and older spend more years disabled than white women ([@bib21]). Thus, if smoking were eliminated, Hispanic women's disadvantage may grow.

The similar smoking prevalence of black and white women suggests that disparities between these groups may be relatively sticky when we simulate the elimination of smoking. Nonetheless, it is also possible that the simulation could narrow white women's total and healthy life expectancy advantages because black women are less likely to quit smoking ([@bib6]) and more likely to die from smoking-related illnesses ([@bib22]).

2.3. Research expectations for men given known disparities in obesity and smoking {#s0025}
---------------------------------------------------------------------------------

Racial/ethnic disparities in obesity among men are not as stark as those observed for women. Currently, 37% of white and black men and 41% of Hispanic men are obese ([@bib18]), and immigrant Hispanic men are leaner than U.S.-born Hispanic men ([@bib2]). Thus, we do not expect the simulated elimination of obesity to substantially change observed racial, ethnic and nativity disparities in total and healthy life expectancy.

Racial, ethnic and nativity disparities in smoking among men mostly mirror those observed for women ([@bib9], [@bib24]). Thus, when we simulate the elimination of smoking, our research expectations for men are mostly similar to the expectations above for women. There is one exception. Among men, the prevalence of smoking among foreign-born Hispanics and whites is similar ([@bib13]), a finding that has become even more evident as the heaviest smoking cohorts of white males have begun to die ([@bib36]). Thus, we expect that the simulated elimination of smoking may result in only modest changes in the total and healthy life expectancy disparities between white and foreign-born Hispanic men.

3. Materials and methods {#s0030}
========================

3.1. Data and measures for life expectancy and healthy life expectancy {#s0035}
----------------------------------------------------------------------

We produce estimates of total and healthy life expectancy at age 35 for women and men using the 1999--2000 through 2009--2010 NHANES and linked mortality files. We use 35 as the age floor because this is when smoking attributable mortality begins ([@bib47]). We pool data across multiple survey years and multiply impute all missing data using the STATA 14.0 "MI" procedure. This procedure iteratively replaces missing values on all variables with predictions based on random draws from the posterior distributions of parameters observed in the sample, creating multiple complete datasets. We averaged empirical results across five imputation samples and accounted for random variation across samples to calculate standard errors using [@bib42] rules. Our final sample includes 19,573 adults (3488 foreign-born Hispanics, 1959 U.S.-born Hispanics, 3828 blacks, and 10,298 non-Hispanic whites).

We also use NCHS 2012 life tables for Hispanic, white, and black adults by sex ([@bib4]) to calibrate estimates of the age-specific conditional probability of dying in our life tables (the q~x~'s). This is explained further below.

Life expectancy estimates are based in part on Cox proportional hazard models predicting the hazard of death as a function of body weight, smoking, education (less than high school, high school, some post-secondary education, and college graduate), age at interview (top-coded at 85), and survey year. The hazard function is stratified by race/ethnicity/nativity (U.S.-born, non-Hispanic white, black or Hispanic or as foreign-born Hispanic) and the models are estimated separately by sex (available upon request). The dependent variable is whether (and if so, when) the person died during the follow-up period after the NHANES interview but before January 1, 2012, and age at death among decedents. The linked death certificates data provide vital status and age at death, measured to the nearest quarter-year. We omitted the first 2 years of mortality follow-up to reduce the effects of reverse-causality whereby sick people lose weight shortly before dying.

We tested several alternative model specifications and results were consistent. For example, we tested interactions between weight and age, and between weight and smoking status and race/ethnicity, but they were not significant, leading us to estimate simpler models that assume that the relative hazard of dying for each weight and smoking category is constant across all age groups and is the same across race/ethnic/nativity groups. This is somewhat surprising given that Hispanic immigrants who smoke tend to smoke significantly fewer cigarettes than their white counterparts, and we acknowledge that the lack of significant interactions could be due to a lack of statistical power.

Healthy life expectancy is based in part on logistic regression models that predict disability as a function of body weight, smoking, race/ethnicity/nativity, education, age at interview, and survey year. The models are estimated separately by sex (available upon request). Disability is defined as the inability to perform one or more activities of daily living (ADLs), including dressing, eating or drinking, and getting in or out of bed.

One key independent variable is body weight. It distinguishes between those who were never obese (not obese at interview and not obese at age 25), formerly obese (obese at age 25 but not at interview), currently obese (obese at interview but not at age 25), and consistently obese (obese at interview and at age 25). These categories are based on body mass index constructed from measured height and weight (kg/m^2^) during the NHANES examination and self-reported weight at age 25. It would be ideal to have (at least) two measured assessments of weight rather than only one. However, using both indicators better taps the cumulative consequences of obesity and avoids positive associations between current obesity and mortality that emerge using cross-sectional data ([@bib37]). This is a primary reason we analyze NHANES data rather than National Health Interview Survey (NHIS) data.

Our second key independent variable is smoking. It indicates whether respondents never smoked, are former smokers, or are current smokers.

3.2. How total and healthy life expectancy are related to weight and smoking {#s0040}
----------------------------------------------------------------------------

We now show how life expectancy is mathematically related to a group's weight status and smoking distribution. We build on these insights to develop a method for estimating how much life expectancy would change if a group's weight status or smoking distribution was different.

Life expectancy is an estimate of average length of life for a synthetic cohort that experiences the complete set of conditional probabilities of dying (q~x~) across the lifespan. If life expectancy is related to obesity and smoking, it is because the probabilities of dying (the q~x~'s) are higher among people who are or were obese relative to people who were never obese, and higher among those who smoke or used to smoke than those who never smoked. Taking obesity as an example, each of the q~x~'s is expressed as the sum of weight-specific q~x~'s for those who were never obese (w~1~), currently obese (w~2~), formerly obese (w~3~), or have been consistently obese (w~4~), weighted by the proportions in each of the four weight categories (p~x,w1~, p~x,w2,~ p~x,w3,~ and p~x,w4~):$$q_{x} = q_{x,{w1}}p_{x,{w1}} + q_{x,{w2}}p_{x,{w2}} + q_{x,{w3}}p_{x,{w3}} + q_{x,{w4}}p_{x,{w4}}$$

We specify a similar equation for smoking. These equations are central to how we estimate observed and counterfactual life expectancies. To estimate the p~x,w~ terms, we use the NHANES data to calculate the age-specific proportions in each weight (or smoking) category for each group by sex. To estimate the q~x,w~ terms, we again use NHANES data. Although the NCHS publishes estimates of q~x~ by race/ethnicity and sex, they do not provide these estimates separately by weight or smoking status. Therefore, we first estimate proportional hazard Cox models predicting the hazard of dying as described in the previous section. We use the estimated hazard ratios (H) for the weight and smoking categories (expressed as ratios relative to the sample average) to obtain estimates of the weight- and smoking-specific q~x~'s. Specifically, we multiply the hazard ratios by the NCHS published q~x~'s (q~x,NCHS~), separately by race/ethnicity/nativity and sex. For example, the q~x,w1~ term for Hispanic women in Eq. [(1)](#eq0005){ref-type="disp-formula"} is calculated as:$$q_{x,{w1},{Hispanic}{female}} = q_{x,{NCHS},{Hispanic}{female}}H_{{w1},{female}}$$

We repeat this for all race/ethnic/nativity groups and by gender, and we estimate the q~x~'s for current smokers, former smokers, and people who never smoked in the same manner. Multiplying the hazard ratios by the NCHS estimates ensures that weight- and smoking-specific estimates, when averaged across categories, match the NCHS estimates for all weight- and smoking categories combined.

After estimating values for Eqs. [(1)](#eq0005){ref-type="disp-formula"} and [(2)](#eq0010){ref-type="disp-formula"}, we use standard demographic methods to estimate life expectancy from estimated q~x~'s (see, for example, [@bib41]). We did this for each race/ethnic/nativity group by sex. As expected, the results match the 2012 life expectancies reported by NCHS.

To estimate counterfactual q~x~'s and life expectancies, we changed the prevalence proportions, p~x~, to reflect a scenario in which all persons in every group had never been obese and had never smoked. For example, we set the values of p~x,w1~, p~x,w2~, p~x,w3~, and p~x,w4~ to 1, 0, 0, and 0; this produces counterfactual q~x~ and life expectancy values if no one had ever been obese.

We use a similar approach to estimate observed and counterfactual healthy life expectancies at age 35 for each race/ethnic/nativity group by sex. To simplify calculations, we relied on the [@bib45] method. Healthy life expectancy is expressed as a function of the probability of dying (q~x~) and the proportion disabled at each age (A~x~). Briefly, the method involves (1) estimating a single-decrement life Table, (2) multiplying the person-years lived (~n~L~x~) in each age interval by the proportion with at least one ADL (A~x~) to obtain person-years lived between age x and x+n in the ADLs (~n~L^a^~x~) and non-ADL states (~n~L~x,na~ = ~n~L~x~ -- ~n~L~x,a,~), and (3) summing ~n~L~x,na~ from age x to the oldest age and dividing by the number of survivors to age x (l~x~) to obtain the total healthy life expectancy at each age x ([@bib23]).

The weight status and smoking distributions of a group are mathematically related to healthy life expectancy in two ways. They could affect the probabilities of dying, as just discussed. They could also affect the proportion of each group with an ADL (A~x~). For example, A~x~ can be expressed as the weighted average of ADL rates across the four weight status categories:$$A_{x} = A_{x,{w1}}p_{x,{w1}} + A_{x,{w2}}p_{x,{w2}} + A_{x,{w3}}p_{x,{w3}} + A_{x,{w4}}p_{x,{w4}}$$

To estimate healthy life expectancies for each group, we use Eqs. [(1)](#eq0005){ref-type="disp-formula"} and [(2)](#eq0010){ref-type="disp-formula"} to calculate the q~x~ terms, as already described, and Eq. [(3)](#eq0015){ref-type="disp-formula"} to calculate the A~x~ terms. We combine the results, using the Sullivan method, to estimate healthy life expectancy. To obtain values for the A~x,w~ terms in Eq. [(3)](#eq0015){ref-type="disp-formula"}, we first estimate logistic regression models predicting the probability of having an ADL as described in the previous section. Similar to how we estimate the weight- and smoking-specific q~x~ estimates, we use odds ratios from the models to estimate A~x,w~ values while ensuring that their weighted average across the weight and smoking status categories equals the observed age-specific ADL rate within each gender and race/ethnic/nativity group. To calculate counterfactual healthy life expectancy estimates, we repeat the calculations just described assuming that everyone had never been obese and never smoked.

Finally, we bootstrap estimates of standard errors of observed and counterfactual estimates of life expectancy and healthy life expectancy across 1000 iterations.

4. Results {#s0045}
==========

4.1. Obesity and smoking {#s0050}
------------------------

[Table 1](#t0005){ref-type="table"} shows racial/ethnic and nativity differences in obesity and smoking among women and men. A greater share of white women (64.0%) were never obese compared to black (43.0%) and Hispanic women (53.1% of U.S.-born and 58.5% of foreign-born). Former obesity is quite rare, representing the experience of only 1--2% of women in each group. Additionally, most currently obese women became obese over time. This includes 29.7% of white women, 46.1% of black women, 36.2% of U.S.-born Hispanic women, and 34.6% of foreign-born Hispanic women.Table 1Obesity and smoking among men and women from different racial/ethnic and nativity backgrounds.Table 1Women, %(N=9923)Men, %(N=9650)WhiteBlackHispanic USBHispanic FBWhiteBlackHispanic USBHispanic FBN=19,5735121198210591761517718469001727[Obesity]{.ul} Never Obese64.043.053.158.563.159.455.369.1 Formerly Obese0.91.41.91.52.22.83.42.6 Currently Obese29.746.136.234.626.526.229.324.6 Consistently Obese5.49.58.85.38.211.612.03.7[Smoking]{.ul} Never Smoked52.956.857.873.840.740.241.246.1 Former Smoker27.319.120.213.837.222.630.732.2 Current Smoker19.824.122.012.422.137.228.121.7Source: NHANES: 1999--2000 through 2009--2010

Like women, being formerly obese among men is quite rare. Unlike women, more foreign-born Hispanic men have never been obese, followed by whites, U.S.-born Hispanics, and blacks. The racial/ethnic/nativity gaps in the share who were never obese and who become obese are smaller among men than women.

Turning to smoking, U.S.-born white, black, and Hispanic women are similar. Slightly more than half never smoked, and 19.8% of white, 24.1% of black, and 22% of U.S.-born Hispanic women currently smoke. In contrast, nearly three-quarters of foreign-born Hispanic women never smoked and only 12.4% currently smoke. White women are more likely than black and Hispanic women to be former smokers.

Among men, the percentage who never smoked is similar across groups, thus illustrating that racial/ethnic and nativity patterns in smoking among men are more similar than among women. Further, compared to women, a smaller share of men in each group never smoked. Among white and foreign-born Hispanic men, roughly 22% report being current smokers while 37.2% and 28.1% of black and U.S.-born Hispanic men, respectively, are current smokers.

4.2. Women's total and healthy life expectancy {#s0055}
----------------------------------------------

Panel 1 of [Table 2](#t0010){ref-type="table"} shows women's observed values of total and healthy life expectancy at age 35 and simulated gains under three counterfactual conditions: that no one was ever obese, no one smoked, and no one was ever obese or smoked. Panel 2 shows observed disparities in total and healthy life expectancy and simulated disparities under the three counterfactual conditions.Table 2Women's total and healthy life expectancy (TLE/HLE) at age 35: Observed values, observed disparities, and simulated changes in both if obesity and smoking were eliminated.Table 2[TLEHLE]{.ul}WhiteBlackHispanic USBHispanic FBWhiteBlackHispanic USBHispanic FB[Panel 1:]{.ul}Observed47.345.149.151.132.328.933.635.2(0.0)(0.0)(0.0)(0.0)(0.3)(0.6)(1.0)(1.0)Simulated gains if No one was ever obese0.71.7^\*^0.60.92.3^\*^3.7^\*^2.52.4(0.4)(0.8)(0.4)(0.5)(0.5)(1.0)(1.3)(1.5) No one smoked2.6^\*^3.9^\*^2.0^\*^1.6^\*^3.1^\*^3.8^\*^2.9^\*^1.6(0.5)(0.7)(0.4)(0.4)(0.6)(1.0)(1.4)(1.5) No smoking or obesity2.9^\*^4.7^\*^2.4^\*^2.0^\*^5.1^\*^7.1^\*^5.1^\*^3.8^\*^(0.6)(1.0)(0.5)(0.6)(0.7)(1.1)(1.4)(1.6)                                  [Panel 2:]{.ul}Observed disparity*n/a*-2.2^\*^1.8^\*^3.8^\*^*n/a*-3.4^\*^1.22.8^\*^(0.0)(0.0)(0.0)(0.6)(1.0)(1.1)                                  Simulated LE/HLE disparity if No one was ever obese*n/a*-1.31.7^\*^4.0^\*^*n/a*-2.0^\*^1.53.0^\*^(0.9)(0.5)(0.6)(0.9)(1.0)(1.2) No one smoked*n/a*-0.91.2^\*^2.7^\*^*n/a*-2.7^\*^1.01.3(0.9)(0.6)(0.6)(1.0)(1.2)(1.2) No smoking or obesity*n/a*-0.41.32.9^\*^*n/a*-1.31.31.6(1.2)(0.8)(0.9)(1.2)(1.2)(1.4)[^1][^2][^3][^4]

Looking first at actual total life expectancy at age 35, black women live an average of 45.1 years, 2.2 years less than white women. Conversely, Hispanic women on average live longer than white women, and foreign-born Hispanics have the largest advantage. Estimates of healthy life expectancy are shorter and suggest that on average all women will live over 15 years with some disability. Group differences in healthy life expectancy parallel results for life expectancy.

Estimated gains in women's total and healthy life expectancy under simulated conditions where women were never obese and never smoked are shown next. Black women would gain 1.7 years of life if obesity were eliminated, but no other group would make statistically significant gains. Gains in healthy life expectancy would be even larger for all groups of women if obesity were eliminated, with white and black women experiencing statistically significant gains of 2.3 and 3.7 years of health life, respectively. All groups of women would make large, significant gains in total and healthy life expectancy if smoking were eliminated, with one exception. The 1.6 year estimated gain in healthy life expectancy among foreign-born Hispanic women is not statistically significant, which is unsurprising given their relatively low level of smoking. Finally, if both obesity and smoking were eliminated, this would lead to large gains in women's total and healthy life expectancy. Black women would make the largest gains (4.7 years of life and 7.1 years of healthy life expectancy). U.S.-born white and Hispanic women's gains of 5.1 years of healthy life expectancy are also notable.

Turning to Panel 2, the first row repeats observed disparities in total and healthy life expectancy. The next three lines show how the elimination of smoking and obesity would change observed racial/ethnic/nativity disparities. The black-white life expectancy disparity is reduced to statistical non-significance under all three simulated conditions and the no smoking or obesity simulation reduces black women's disadvantage from 2.2 years to .4 years (3 months). Each simulation also reduces black-white disparities in healthy life expectancy, but only the simulated elimination of both obesity and smoking reduces it to statistical non-significance.

U.S.-born Hispanic women's significant life expectancy advantage over white women would decline by only .1 years if obesity were eliminated, and by .6 years if smoking were eliminated, but in both simulations the disparity remains statistically significant. However, if both smoking and obesity were eliminated, this would reduce the disparity by .5 years and to statistical non-significance. U.S.-born Hispanic women's healthy life expectancy advantage was not statistically significant, and simulations do little to change this estimate.

Simulations change the magnitude but not the significance of foreign-born Hispanic women's life expectancy advantage over white women. A large, statistically significant, nearly 3-year life expectancy advantage remains when we simulate the elimination of both obesity and smoking. However, when we simulate the elimination of smoking only, and the elimination of both smoking and obesity, foreign-born women's *healthy* life expectancy advantage over white women would be reduced to non-significance.

4.3. Men's total and healthy life expectancy {#s0060}
--------------------------------------------

[Table 3](#t0015){ref-type="table"} provides results for men. Observed total and healthy life expectancy values are lower for men than women, but disparities across groups of men are similar to women. Black men have significant, large disadvantages in total (3.2 years) and healthy life expectancy (4.4 years) relative to whites. Foreign-born Hispanic men have significant, large advantages over white men in both outcomes. U.S.-born Hispanic men have a significant life expectancy advantage (1.6 years), but no significant healthy life expectancy advantage, over white men.Table 3Men's total and healthy life expectancy (TLE/HLE) at age 35: observed values, observed disparities, and simulated changes in both if obesity and smoking were eliminated.Table 3[TLEHLE]{.ul}WhiteBlackHispanic USBHispanic FBWhiteBlackHispanic USBHispanic FB[Panel 1:]{.ul}Observed value43.340.145.046.331.226.830.633.5(0.0)(0.0)(0.0)(0.0)(0.3)(0.5)(1.0)(0.7)Simulated gains in LE/HLE if No one was ever obese1.1^\*^1.4^\*^0.9^\*^0.7^\*^1.7^\*^1.9^\*^1.61.1(0.4)(0.5)(0.3)(0.3)(0.5)(0.8)(1.4)(1.1) No one smoked3.8^\*^5.7^\*^4.5^\*^3.7^\*^3.9^\*^5.6^\*^4.7^\*^3.7^\*^(0.7)(1.0)(0.9)(0.7)(0.7)(1.0)(1.6)(1.2) No smoking or obesity4.6^\*^6.8^\*^4.2^\*^5.0^\*^5.8^\*^7.8^\*^6.5^\*^5.1^\*^(1.0)(1.2)(1.0)(1.0)(0.9)(1.2)(1.7)(1.3)                                  [Panel 2:]{.ul}Observed disparity*n/a*-3.2^\*^1.6^\*^3.0^\*^*n/a*-4.4^\*^-0.62.3^\*^(0.0)(0.0)(0.0)(0.5)(1.0)(0.8)Simulated LE/HLE disparity if No one was ever obese*n/a*-2.9^\*^1.5^\*^2.6^\*^*n/a*-4.1^\*^-0.61.7(0.6)(0.5)(0.5)(0.7)(1.1)(0.9) No one smoked*n/a*-1.32.3^\*^2.8^\*^*n/a*-2.7^\*^0.22.1(1.2)(1.1)(1.0)(1.1)(1.4)(1.2)                                   No smoking or obesity*n/a*-1.02.12.5*n/a*-2.30.21.6(1.5)(1.4)(1.3)(1.4)(1.6)(1.3)[^5][^6][^7][^8]

All groups of men would make significant predicted gains in life expectancy if obesity, smoking, or obesity and smoking were eliminated. These gains are larger than women's gains under the same simulated conditions. All groups of men would also make significant gains in healthy life expectancy in the three simulations, with two exceptions. U.S.-born and foreign-born Hispanic men would not make significant healthy life expectancy gains if obesity were eliminated.

How would disparities in men's total and healthy life expectancy change if obesity and/or smoking were eliminated? Results are similar to women's results, with three exceptions. The "no obesity" scenario reduced the black-white disparity in life expectancy substantially and to statistical non-significance among women, but this simulation did little to reduce the significant black-white life expectancy disparity among men. Conversely, this simulation reduces foreign-born Hispanic men's healthy life expectancy advantage over whites by .6 years and to statistical non-significance, but among women, the Hispanic foreign-born estimated advantage actually grew slightly and remained statistically significant.

The other small discrepant finding for men versus women is that the simulation in which both obesity and smoking are eliminated leads foreign-born Hispanic men's life expectancy advantage to only be significant at the p \< .10 level. It remained significant for women at the p \< .05 level. Nonetheless, the estimated advantage is similar and large for both groups.

4.4. Supplementary analyses {#s0065}
---------------------------

To test the need to account for current and former obesity and smoking, we conducted alternative analyses that dropped former smoking and obesity. Results confirmed the importance of accounting for previous indicators. For example, results shown predict that Black women would make significant life expectancy gains of 1.7 years if obesity were eliminated and 4.7 years if obesity and smoking were both eliminated. When simulations draw from inputs that only account for current obesity and smoking, Black women's life expectancy gain would be only .7 years if obesity were eliminated and 2.1 years if obesity and smoking were eliminated, and only the latter is statistically significant. Similar muted simulated gains in total and healthy life expectancy are evident for all groups of men and women, and this often mutes simulated changes in disparities.

We also checked study findings for robustness. We first treated current and former smoking and obesity as interactive rather than additive to produce inputs for simulations. Results from simulations produced using these inputs were substantively and statistically similar to results we show. We also replicated simulations using data from the NHIS, which includes a much larger sample of U.S. adults and in turn, more Hispanic respondents, to ensure that results did not reflect a lack of statistical power. Estimates from simulations using NHIS data were substantively and statistically similar to estimates from simulations using NHANES data that did not account for previous obesity, which the NHIS does not assess.

5. Discussion and conclusion {#s0070}
============================

This study's goal was to simulate how the elimination of smoking and obesity would reshape U.S. racial/ethnic and nativity disparities in total and healthy life expectancy at age 35. We were curious whether the U.S. could come closer to achieving health equity if the two leading causes of preventable deaths, chronic diseases, and disability were no longer health risks. We expected some changes in disparities given the known consequences of obesity and smoking and disparities in both health risks, but were unsure about the magnitude of expected changes and if they would be enough to significantly close racial/ethnic and nativity gaps in total and healthy life expectancy.

Results generally supported research expectations about black-white disparities. The simulated elimination of obesity reduced black-white gaps in total and healthy life expectancy, and among women, to the point that the gap was not statistically significant. We were unsure whether the elimination of smoking would reduce black-white gaps in study outcomes because black-white differences in smoking tend to be small, yet blacks are less likely to quit smoking than whites ([@bib6]) and die more from smoking-related causes ([@bib22]). Under the "no smoking" scenario, we found large simulated reductions in the black-white disparity in life expectancy that led it to become statistically non-significant. The healthy life expectancy disparity was also reduced, but remained significant. Moreover, under the scenario in which both obesity and smoking are eliminated, there were no statistically significant black-white disparities in total or healthy life expectancy and these disparities were reduced by over two years for men and women on both study outcomes. These reduced disparities reflect the very large gains in total and healthy life expectancy that black women and men are estimated to make if obesity and smoking were eliminated. Across men and women, both study outcomes, and all simulated counterfactual conditions, the estimated gains of black adults outpace all other groups.

These results suggest that policy interventions that prevent obesity and weight gain, reduce smoking, and increase smoking cessation could make substantial progress in curbing black-white disparities in total and healthy life expectancy. That said, policies that blame the victim or point only to individualistic interventions are unlikely to succeed. The most successful interventions must attend to structural conditions that lead U.S. black men and women to have elevated risks of long-term smoking and obesity. For example, tobacco companies disproportionately target minorities ([@bib31]) and minority neighborhoods ([@bib10]) as do fast food restaurants and corporations who sell soda ([@bib17]). These and other forms of structural racism must be addressed. This is especially important in light of fundamental cause theory, which argues that in the absence of more proximate determinants of disease, other health problems stemming from more distal disadvantages will arise and take their place ([@bib27]). Originally, this theory explicitly and solely spoke to socioeconomic disadvantage, but it has been updated to address race and racism ([@bib35]).

When we compare Hispanic and white adults, results do not fall as neatly in line with research expectations. Hispanics' life expectancy advantage over whites changed very little with the simulated elimination of obesity. It produced a .1-year reduction in the advantage of U.S.-born Hispanic men and women, a .2-year increase for immigrant women, and a .4-year reduction for immigrant men. We did not expect Hispanic men's advantage to change much but expected Hispanic women's advantage to grow. It only did so very modestly.

Findings were more consistent with research expectations when we simulated life expectancy if smoking was eliminated. As expected, eliminating smoking reduced the life expectancy advantage of Hispanic women regardless of nativity, and among immigrants, by over one year. This is consistent with earlier work on the topic ([@bib13], [@bib25]), although the magnitude of the explanatory power of smoking was somewhat smaller in our study compared to previous research. One possible reason is that our data, which are the most recent used in this area and are drawn from the 2000s, reflect recent declines in smoking that are particularly acute among white women. In contrast, the life expectancy advantage of U.S.-born Hispanic men actually grew by .7 and the advantage of immigrant men was only reduced by .2 years. The modest reduction in the life expectancy difference between immigrant Hispanic and white men with the elimination of smoking is much smaller than estimated in previous research. Moreover, the estimated increase in the life expectancy difference between US-born Hispanic men and non-Hispanic white men was not exhibited in earlier research ([@bib13], [@bib25]). These patterns may reflect the current modest differences in smoking behavior between Hispanic men (both foreign-born and U.S.-born) and white men, as shown in [Table 1](#t0005){ref-type="table"}---differences that were much more pronounced among earlier cohorts of light-smoking Hispanic men and very heavy smoking white men ([@bib13], [@bib25]). Additionally, as expected, the simulated elimination of both smoking and obesity together led the life expectancy advantage of U.S.-born Hispanic men and women over whites to be reduced to statistical non-significance. Thus, smoking and obesity together explained the advantage of U.S.-born Hispanics relative to whites.

However, this was not the case for Hispanic immigrants. Even under the scenario in which both obesity and smoking are eliminated, the large advantage of Hispanic immigrant women over white women remains significant, and the advantage of Hispanic immigrant men remains large and fell just outside of the boundary of statistical significance at the p \< .05 level. Clearly, the life expectancy simulations suggest that other social, behavioral and demographic processes are needed to fully explain Hispanic immigrants' advantage. For example, relative to U.S.-born peers, Hispanic immigrants are more likely to eat healthy diets that are less like the typical American diet ([@bib1], [@bib8], [@bib48]), less likely to have substance use disorders ([@bib43]), and they enjoy high levels of social capital and ethnic cohesion ([@bib12]). Self-selection of healthier immigrants into immigrant streams may also contribute to a persistent immigrant life expectancy advantage ([@bib40]).

Findings regarding healthy life expectancy disparities between Hispanic and white adults are even more different than expected. This is largely because we based research expectations on a previous study that used the Health and Retirement Study (HRS). This study found that Hispanic adults, regardless of nativity, had a healthy life expectancy *disadvantage* relative to whites ([@bib21]). We found a healthy life expectancy *advantage* for Hispanic immigrants and no significant differences between U.S.-born whites and Hispanics. This is not entirely surprising. There is known variability in the measurement of ADL's across the NHANES and the HRS ([@bib16]) and the two data sources tap a different subset of Hispanics, especially given that we analyze data from adults ages 35 and older rather than 50 and older. Our analysis suggested that the healthy life expectancy advantage that we found for Hispanic immigrants is largely driven by smoking among women and to some degree is driven by obesity and to a lesser extent smoking among men.

Study results and our interpretation of them should be considered within study limitations. First, even though we found no significant group differences in the associations of obesity and smoking with disability and mortality, this could be due to a lack of statistical power given the relatively small sample sizes for some groups in the NHANES. Second, social desirability bias may influence results and estimates of disparities if there are racial/ethnic and nativity biases in retrospective reports of weight at age 25, smoking behavior, or reports of ADL's. Despite our efforts to reduce reporting error for the retrospective measures of obesity and smoking, measurement error could lead to an underestimation of their associations with disability and mortality. Finally, even though we control for educational attainment, our analysis cannot fully account for selection of people who are unhealthy or who have unhealthy or risky health behaviors into obesity and smoking. Our cross-sectional data also do not allow us to control for early life conditions such as low socioeconomic status in childhood or poor parental mental or physical health. This means that the associations of obesity and smoking with disability and mortality may be overestimated. For that matter, our cross-sectional data do not permit us to observe the many possible mechanisms that link racial and socioeconomic disadvantages to obesity and smoking in early adulthood, and these health conditions to later life health and mortality outcomes. Richer, longitudinal data would help us more fully account for the complex web of factors that may produce disparities such as discrimination, poor working conditions or a lack of access to health care.

Nonetheless, study results paint a portrait of how the leading two causes of preventable deaths in the U.S. may be influencing racial/ethnic health equity in longevity and disability. Smoking and obesity appear to play a major role in black-white disparities in length and quality of life and play some role in the advantage of Hispanic immigrants, especially in years of healthy life expectancy.
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[^1]: *Notes:* Source: NHANES, 1999--2000 through 2009--2010, N=9923

[^2]: Mean/(SD),

[^3]: In a few cases, differences between observed TLE/HLE, counterfactual gains, and disparities do not perfectly align due to rounding error of decimal places.

[^4]: \*Indicates p \< .05

[^5]: *Notes:* Source: NHANES, 1999--2000 through 2009--2010, N=9650

[^6]: Mean/(SD),

[^7]: In a few cases, differences between observed TLE/HLE, counterfactual gains, and disparities do not perfectly align due to rounding error of decimal places.
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